The decreases in diurnal temperature range (DTR) observed in most regions are generally linked to the increase in cloud cover. However, declining clouds and rising aerosols observed over the North China Plain (NCP) of China make it elusive to elucidate the underlying mechanisms behind the declining DTR observed in this region. Here, we analyze the changes in DTR characteristics in the NCP based on 54-year surface temperature observations, in combination with collocated environmental variable measurements. Overall, there is a significant declining trend of DTR from 1960 to 2014 at a rate of − 0.12 °C/decade, largely due to a larger increase in minimum temperature during the night. The cloud effect on DTR is further explored by comparing DTR under clear-sky and overcast conditions, which exhibits a distinct annual cycle with a minimum in summer and a maximum in winter. The decreasing rate of DTR under overcast condition is − 0.30 °C/decade, much faster than the rate of − 0.17 °C/decade under clear-sky condition, indicating steady increases in the nighttime warming effect of middle-or high-clouds. Also, the elevated aerosol concentration could contribute to the declining DTR, due to the cooling effect of aerosols. Moreover, the effect induced by sunshine duration and water vapor on DTR cannot be ignored either. All of the aforementioned environmental variables combine to affect the long-term trend of DTR, despite their different roles in modulating DTR. Our findings call for better understanding of the influence of environmental factors on regional climate system at the diurnal timescale.
Introduction
Diurnal temperature range (DTR) is defined as the difference between maximum temperature (T max ) and minimum temperature (T min ) over the course of a day. It is an important indicator to quantify regional climate and climate changes since it is sensitive to changes in radiative energy balance (Braganza et al. 2004; Dai et al. 1999; Shen et al. 2014) . A consensus has been reached that the DTR has decreased since the 1950s over most continental area around the world due to a larger increase in T min relative to T max (e.g. Dai et al. 1999; Karl et al. 1993; Eastman and Warren 2013) . Interestingly, this downward DTR trend appeared to be weakened since the 1980s (Zhou et al. 2009a) , which meshed well with the variation of surface solar radiation, namely the "global dimming" gradually transitioned to "brightening" (Makowski et al. 2008; Wild et al. 2005) . Even though the transition time was not uniform globally, a strong positive connection between surface solar radiation and DTR has been recognized (Dai et al. 1999; Ye et al. 2009 ). Besides, the DTR can also be affected by other factors like cloud cover, precipitation, soil moisture, and urbanization, most of which are related to surface energy balance and subject to the changes of greenhouse gases, cloud properties, water vapor, and surface properties (Kalnay and Cai 2003; Zhou et al. 2009a) .
Among others, an increase in cloud cover tends to reduce the solar radiation reaching the surface through throwing back sunlight into space during daytime, which results in a decrease in daytime maximum temperature. Through trapping outgoing longwave radiation at night, clouds tend to increase nighttime minimum temperature. As a result, DTR will be reduced due to the asymmetric diurnal responses of temperature to clouds (Campbell and Vonder Haar 1997; Dai et al. 1999; Karl et al. 1993) . Aside from the cloud effect, recent studies (e.g. Zhou et al. 2007) suggested that a decrease in vegetation cover or in soil emissivity was offered as another explanation for the largest reductions in DTR observed in the dry areas of the Western Sahel especially during a period of intensive drought.
Counter-intuitively, the trend difference of nighttime minimum temperature cannot be found between calm and windy nights on a global average basis (Parker 2006) . This low sensitivity to wind speed was further confirmed by more complex boundary layer modelling methods (e.g. Steeneveld et al. 2011) . Several previous studies have indicated that an improved understanding of atmospheric boundary layer is key to teasing out the mechanisms behind the changes in minimum temperatures (Pielke and Matsui 2005; McNider et al. 2012) . Recent works (e.g. Liu et al. 2018 ) also indicated that the changes in large-scale circulation in East Asia could at least partly explain the declining trend in DTR in this region. Therefore, plausible physical explanation for the DTR changes on the regional scale has yet to be explicitly addressed.
The decline in DTR was observed over China from the 1950s till the 1990s, after which DTR was observed to level off. Such a regional phenomenon basically resembles that in other regions of the world Xia 2013) . This decreasing DTR has been attributed to the aerosol-induced large-scale dimming, in addition to the increasing clouds (Wild et al. 2007 ). Nevertheless, the total cloud cover (TCC) in China exhibits a downward trend in the same time period, which cannot account for the declining DTR (Kaiser 2000; Qian et al. 2006; Xia 2013) . The underlying mechanisms are still not well understood to reconcile the decreasing trend simultaneously observed in both DTR and TCC. This motivates us to revisit the causes for the decreasing DTR over China, given the fact that aerosol loading has rapidly increased in previous several decades as a result of dramatic economic development in China, especially in eastern China (Guo et al. 2011 (Guo et al. , 2016a Zhao et al. 2016; Miao et al. 2017; Yang et al. 2017a, b; de Leeuw et al. 2018) . Aerosol could exert large influence on cloud and precipitation through either aerosol radiative effect (Guo et al. 2016b; Lee et al. 2016; Li et al. 2017) , or aerosol microphysical effect (Lohmann and Feichter 2005; Guo et al. 2014; Li et al. 2010 Li et al. , 2016 Koren et al. 2014; Wang et al. 2014a Wang et al. , b, 2015a Fan et al. 2016) , which independently or jointly modifies the proprieties of cloud and precipitation. As an important atmospheric radiative forcing agent, aerosols have been found to be tightly linked to the decreased DTR (e.g., Huang et al. 2006; Wang and Dickinson 2013) .
There have been several previous studies attempting to investigate the variation of regional mean DTR in China (e.g. Dai et al. 1999; Gong et al. 2006; Shen et al. 2014; Ye et al. 2009 ). The knowledge with respect to the spatial distribution of DTR (Fig. S1 ) and its trend in recent years over the North China Plain (NCP), a region experiencing increasing aerosol loadings and decreasing clouds in recent years, has yet to be well understood, which is the focus of this study in order to bridge this gap.
The rest of this paper proceeds as follows. Section 2 describes the data and methods used. The trend of DTR in the NCP are analyzed in Sect. 3, followed by discussion with regard to the potential reasons for the faster decreasing trend in DTR under overcast conditions as compared with that under clear-sky. Furthermore, the DTR relationships with sunshine duration (SSD) and specific humidity have been investigated as well. Finally, the main findings are summarized in Sect. 4.
Data and method
The 2-m air temperature (T 2 ), cloud cover, SSD, precipitation, and 2-m relative humidity (RH) data records used in this study are collected from 160 meteorological stations in the NCP for the period 1960-2014, which are obtained from the National Meteorological Information Center, China Meteorological Administration (NMIC/CMA). It should be noted that the temperature data include both daily T max and T min . The ground-based human visual observations of cloud cover include TCC and low cloud cover (LCC), which are recorded in units of the percentage of sky covered by clouds at 6-h intervals, that is, 0200, 0800, 1400 and 2000 Beijing time (BJT). The observations of TCC and LCC are based on visual cloud reports made in the synoptic code according to the recommendations of the World Meteorological Organization (WMO 1974) . Even though there exists inevitable subjective influence of the weather observer on these cloud measurements (Xia 2010) , TCC and LCC have to be still used here for the following analyses, given no other data covering the time period analyzed here. The length of time during which the direct solar irradiance continuously exceeds 120 W m −2 is treated as valid SSD, based on the measurements provided by sunshine recorder. The RH refers to the daily average RH, whereas the precipitation refers to the daily accumulated gauge-measured precipitation.
Besides, the visibility data from 1970 to 2010 are employed as a gross measure of air quality, which has undergone dramatic changes in China over the past few decades (Guo et al. 2011; Chang et al. 2009 ). Similar to cloud observations, the visibility is routinely measured at 0200, 0800, 1400, and 2000 BJT. Notably, the visibility observations were qualitatively recorded as ten different discrete levels before 1980, and quantitatively recorded as distance in kilometers after 1980. Therefore, we need to unify the two quite different recording metrics. The details regarding the guideline for visibility measurement and recording can be referred to CMA (2007), and WMO (2008) . Most hygroscopic aerosol species tend to be humidified as they uptake water, resulting in an increased particle size and more effective light scattering per unit mass aerosol (e.g., Hanel 1976; Rosenfeld et al. 2007 ). Therefore, the hygroscopic effect of aerosols has been corrected for the RH between 40% and 90% using the methods proposed by Rosenfeld et al. (2007) , which yields a dry visibility (vis dry ):
To eliminate the fog-induced contamination (Craig and Faulkenberry 1979; Wang et al. 2011) , the visibility measurements taken when RH ≥ 90% and for the days with precipitation recorded are excluded from further analysis. To correct for the influences caused by humidity, the visibility was converted to aerosol dry extinction coefficient using the following formula: 3.912/visibility (Koschmieder 1926) . Other data processing of visibility has been described in detail in our previous work ). In the end, among the 160 meteorological stations in the NCP, a total of 69 stations have valid long-term visibility observations.
Prior to long-term trend analysis, the surface meteorological data have to be subject to homogeneity test. It has been widely reported that the inhomogeneity of surface meteorological observations is generally caused by urbanization expansion (Yang et al. 2013; Liu et al. 2004; ), relocation of stations (Zhai and Eskridge 1997; Yue and Hashino 2003; Wijngaard et al. 2003) , change of observational instruments (Easterling and Peterson 1995; Elliott and Gaffen 1991) . Fortunately, the time series data of aforementioned meteorological variables are provided by NMIC/CMA, who has performed a series of quality-control measures and homogeneity test to ensure high consistence and accuracy of data (e.g., Li et al. 2009; Zhang et al. 2018) More importantly, to assure the quality and consistency of all the meteorological data used, the continuity of all the measurements have been extensively checked. If one station had more than 10% missing data in a year, this year is regarded as an invalid year and this station with any invalid (1) vis dry = vis measured 1 10.26 + 0.4285log(100 − RH) .
year will be excluded from further analysis. As such, only 137 stations in the NCP that have continuous records of temperature and cloud cover from 1960 to 2014 are considered here.
In this study, we compared the changes in DTR under different cloud cover conditions to figure out how and to what extent the variation of cloud cover influences the DTR. Here, it is considered to be overcast when the daily mean total cloud cover is greater than 90%, as opposite to the clear-sky condition when the daily mean total cloud cover is less than 10%. It should be noted that the analysis of long-term trend and annual cycle of DTR under these two conditions were compared after the rainy days (daily accumulated rainfall amount greater than 0.1 mm) had been excluded. In terms of the trend analysis of DTR, the least squares regression has been applied to detect the linear trend. Pearson correlation analysis has been performed between the trend of DTR and that of meteorological factors associated with DTR, including cloud cover, SSD and specific humidity. Also, student t-test is applied to test the statistical significance of the abovementioned correlations. Figure 1a illustrates the spatial distribution of DTR trends during the period from 1960 to 2014. Among all 137 stations in the NCP, 107 stations experience declining trends in DTR, most of which are statistically significant at the 95% confidence level. The magnitudes typically range from − 0.05 °C per decade to − 0.3 °C per decade. Interestingly, the spatial patterns of DTR trends from the four seasons are quite similar to those of the whole studied period (Fig.  S2) , even though the seasonal trend magnitudes are slightly different. Specifically, the trends in summer and winter are slightly higher than the annual trends. In contrast, the DTR trend in spring is relatively weaker with a few stations even exhibiting an increasing tendency. The time series of regional mean DTR in the NCP is shown in Fig. S3 . To explicitly characterize the trend of DTR in the NCP, a running window trend analysis of DTR has been conducted. The trend is calculated starting from every year till the end of the record in 1-year increments, with a minimum of 5-year duration. As shown in Fig. 1b , the DTR in the NCP exhibits a significant decreasing trend, which is statistically significant at 95% confidence level for the time window longer than 35 years. When the time window is shorter than 15 years, some positive trends show up, but none of them are statistically significant. This trend analysis revealed here is partially consistent with the findings by previous studies (e.g. Xia 2013; Ye et al. 2009 ). However, the continuous decreasing trend of DTR in the NCP differs from the trend of DTR in the whole China that has been observed to level off in 1990s Xia 2013) . Figure 2 shows the relationship of the trend of DTR with those of T max and T min from the 137 meteorological stations in the NCP. Although almost all of the stations show upward trends in T max and T min , the mean magnitudes for the T min trend are significantly greater than those for the T max trend, which agrees well with previous studies (e.g. Easterling et al. 1997; Karl et al. 1993 ). On average, the trends in T max , T min, and DTR in the NCP are 0.18, 0.30, and − 0.12 °C per decade, respectively. The absolute value of correlation coefficient (R = − 0.84) between the DTR trend and T min trend is greater than that (R = 0.59) between DTR trend and T max trend, indicating that the declining DTR observed here could be more related to the changes in T min rather than T max .
Results and discussion

Spatial and temporal variation of DTR trend in NCP
Impact of cloud cover on DTR
The potential impact of cloud on DTR has been widely recognized (Hong et al. 2008; You et al. 2016 ), but the quantitative assessment remains a challenge. The spatial pattern of correlation coefficient between the daily TCC and DTR illustrates that there exist ubiquitous negative associations between them, with some stations having R < − 0.8 (Fig. S4) . This implies that the clouds are negatively associated with DTR. Figure 3a shows the annual cycles of T max and T min under the overcast and clear-sky conditions. As expected, the T max is higher under clear-sky condition than that under overcast condition all year round, whereas the situation of T min reverses. This is most possibly due to the fact that the T min occurring at night will increase along with cloud occurrences. As a consequence, clouds will more or less damp the T max , but enhance the T min (Stone and Weaver 2003) . In order to better understand the differences of T max or T min under overcast and clear-sky conditions, further composite analyses were conducted. The difference of T max (i.e., ΔT max ) between clear-sky and overcast condition was statistically significant at the 95% confidence level at 116 stations and the difference of T min (i.e., ΔT min ) was statistically significant at 136 stations (Fig. S5) . Therefore, it can be considered that cloud cover plays a significant role in modulating the spatio-temporal variability of T max and T min . Black dots indicate trends that are statistically significant at the 95% confidence level Fig. 2 The relationship of the trend of DTR with trend of T max (black) and T min (red) from the 137 meteorological stations in the NCP It can also be seen from Fig. 3a that the difference of T max (ΔT max ) exhibits large seasonal evolution between overcast and clear-sky conditions, indicating that the impacts of TCC on T max and T min vary with months. Another striking feature shown in Fig. 3a is that the magnitude of ΔT max is much larger than that of ΔT min for the months from March to August. This further confirms the key role of T min in DTR revealed in Fig. 2 . The nighttime temperature is found to be controlled by net longwave radiation, while the daytime temperature is strongly affected by surface solar heating that can be partitioned into sensible and latent heat fluxes (Dai et al. 1999) . Compared with daytime temperature, nighttime temperatures are more sensitive to changes in radiative drivers under cold stable conditions than under warm unstable conditions (IPCC 2007) . Figure 3b illustrates the annual cycles of DTR under overcast and clear-sky conditions. They have the similar pattern with peak values occurring in spring and autumn but trough values occurring in summer and winter, despite lower DTR under overcast conditions from January through December compared to clear-sky conditions. The causes for the observed trough DTR differ greatly in summer and winter. In summer, the East Asian summer monsoon tends to bring large amounts of precipitation to the NCP (Ding 1994; Li et al. 2016) , thereby enhancing soil moisture, which acts to dampen the DTR through more evaporative cooling during the daytime (Dai et al 1999; Miao et al. 2016; Zhou et al. 2009b) . In contrast, the low DTR observed in cold and dry winter is most likely due to the less solar radiation received by the ground surface over the NCP.
The difference between the monthly DTR under overcast and clear-sky conditions (i.e. ΔDTR) also shows a distinct annual cycle (Fig. 3b) . The ΔDTR ranges from 3.1 °C in July to 4.8 °C in November, which indicates that the cloud effect exhibits large seasonality.
With regard to the long-term trend of DTR, systematic difference exists between overcast and clear-sky conditions (Fig. 4) . The DTR decreases at a rate of − 0.3 °C per decade and − 0.17 °C per decade under overcast and clear-sky conditions, respectively. This means that the DTR declines much faster under overcast conditions, as compared with that under clear-sky conditions, which suggests that the observed systematic difference of DTR declining rate should be associated with clouds, regardless of seasons. It is well established that the net radiative impact of one particular type of cloud strongly depends upon not only cloud height above the ground surface but also the optical thickness (Hartmann et al. 1992; Marsh and Svensmark 2000) . As shown in Fig. 5a , in terms of long-term running trend, the TCC declined in the NCP at a rate of − 0.4% per decade. Around the early years of 1990s, the trend in TCC switched from decreasing to increasing afterwards and the increasing trend is statistically significant at 95% confidence level. However, as opposed to the TCC, the LCC keeps a declining trend in the NCP during the whole study period. The increases in middle or high clouds partly compensate for the declines in low clouds (Warren et al. 2007) . Therefore, it is speculated that middle and/or high cloud cover have been increased after the early 1990s, at the very least. An increase in high clouds could traps inferred radiation emitting from ground surface, leading to an increase in T min (Warren et al. 2007 ). In contrast, the low clouds are more effective in reflecting solar radiation, typically resulting in a decrease in T max (Hartmann et al. 1992) . Both effects combine to cause the decreases in DTR under cloudy conditions. Note that the inference of increases in high cloud as derived from the different trends observed in TCC and LCC has large uncertainties, which will be only improved by using active satellite data in the future (Wang et al. 2014a, b; Chen et al. 2016 Chen et al. , 2018 Cohen et al. 2017; Yang et al. 2017a Yang et al. , b, 2018 Subrahmanyam and Kumar 2017; Guo et al. 2018) . Thus, the high cloud effect on DTR was just one of the reasons for the faster decreasing rate of DTR under overcast condition.
Because the changes in cloud cover have competing effects on surface air temperature (Karl et al. 1993) , the statistical relationship between the trend of TCC and the trend of DTR have been exclusively examined in detail. Figure 6 shows the negative spatial correlation between trend of TCC and trend of annual mean DTR, even though it's not statistically significant. Regardless of the seasons, the trend of seasonal averaged DTR is found to have negative spatial correlations with the trends of TCC as well (Fig. S6) . The negative correlations here suggest that the increasing trend of TCC may exert an amplified effect on the decreasing DTR, especially since mid-1990s (Fig. 5d) .
The causality of the cloud and DTR covariability cannot be explicitly determined here, since different cloud regimes originating from different meteorological processes have quite different impacts on radiation fluxes (Warren et al. 2007 ). This calls for the importance of investigation into the changes in individual cloud regimes in the future, rather than just TCC and LCC. The running trend analysis for annual mean a total cloud cover (TCC) and b low cloud cover (LCC) in the NCP for the period 1960-2014. Note that stippling regions indicate the trends that are statistically significant at the 95% confidence level Figure 7a illustrates a dramatic upward trend in the aerosol dry extinction coefficient over the last 40 years in the NCP. Aerosol could significantly reduce solar radiation reaching surface through scattering and absorbing solar radiation during the daytime, in turn dampening T max and DTR (Boucher et al. 2013) . To rule out the contribution of water vapor effect, the joint distribution of DTR with specific humidity and aerosol dry extinction is further examined in Fig. 7b . For a given specific humidity, DTR tends to decrease with increases in aerosol dry extinction, which further confirms the aerosol dampening effect on DTR. On the other hand, DTR tends to decrease with increasing specific humidity in the atmosphere for a given aerosol loading. At the very least, this phenomenon observed here may partially explain the decreasing trend of DTR under clear-sky condition in the NCP. Regarding the causes and underlying mechanisms for the different decreasing rates observed under overcast and clear-sky conditions in Fig. 4 , more explicit cloud-revolving model are warranted. However, the aerosol direct effect on the DTR under overcast condition would be much dwarfed, due to the much stronger radiation-blocking effect caused by clouds. In addition to the aerosol direct effect, the impacts of aerosol indirect effect through its interaction with cloud can also dramatically modify the DTR (Qin et al. 2016; Li et al. 2017) . One of the pathways for the aerosol impacting clouds is to increase the number of more smaller cloud droplets, which in turn results in higher cloud albedo and longer life time of precipitation in the NCP (Twomey 1977; Albrecht 1989; Huang et al. 2006; Guo et al. 2014; Qin et al. 2016; Wang et al. 2015a Wang et al. , b, 2016 Zhao et al. 2018) . The shortwave radiation reaching surface will be reduced during daytime through increasing cloud albedo and in turn enhancing downward longwave radiation during nighttime (Twomey 1977) . Because the nighttime temperature is more sensitive to longwave radiation, while daytime temperature is more sensitive to shortwave radiation. Therefore, the radiation changes caused by aerosolcloud interaction could decrease DTR in theory, despite of the difficulty in quantifying this effect. Therefore, the different declining trend of DTR under overcast conditions compared that under clear-sky conditions could be in part explained by this mechanism.
Confounding impact of aerosol and other environmental variables on DTR
Besides, the relationships of DTR trend with the trends of SSD and specific humidity have been analyzed. The SSD, a proxy for solar radiation, has been well recognized to be an effective factor influencing the DTR (e.g. Durre and Wallace 2001; Jhajharia and Singh 2011; Xia 2013) . Figure 8a illustrates that there is a slightly positive spatial correlate relationship (R = 0.25) between the trend of SSD and the trend of DTR, although most of the stations experienced a downward trend in SSD. This implies that the decline in SSD could be related with the decreases in DTR over the past 40 years. The spatial distribution of R over the NCP is given in Fig. S7 . As mentioned before, the decreasing trend of DTR seems in good agreement with the reduction of solar surface radiation, which in general meshes with the findings obtained in many regions like China and Europe (Makowski et al. 2008; Ye et al. 2009 ).
Similar to the spatial correlation between the trend of SSD and the trend of DTR, the spatial correlation coefficient between the trends of specific humidity and DTR is 0.23 (Fig. 8b) . It is well known that specific humidity is a measure of water vapor amount in the atmosphere. The water vapor absorbs the near-infrared part of solar radiation, leading to a reduction in the amount of daytime energy reaching the surface, and in turn causing a decrease in the temperature. During nighttime, it absorbs longwave radiation that is released from the Earth and re-emits back to ground surface, resulting in an increase in surface temperature. An increase of specific humidity tends to result in the decline in DTR.
Therefore, the role that specific humidity plays in regulating the DTR trend cannot be ignored either.
Concluding remarks
In this study, the long-term trend of DTR and spatial pattern of DTR over the North China Plain have been investigated using the observational dataset from 1960 to 2014. Overall, the DTR in the NCP exhibited a significant decreasing trend. The trend magnitude typically ranges from − 0.05 °C per decade to − 0.3 °C per decade. The spatial pattern of DTR trends does not show any distinct seasonality due to the similarity in different seasons. The mean trend of DTR is − 0.12 °C per decade in the NCP, more influenced by the increase in T min , other than the decrease in T max . During an annual cycle, the DTR is higher in spring and autumn, and lower in other two seasons. The enhanced soil moisture in summer could dampen DTR, while the less solar radiation in winter could weaken the increase of daytime temperature, which jointly leads to a lower DTR in summer and winter.
The impacts of TCC on T min vary with months, which are more significant than T max . This is most likely due to the nighttime temperatures in winter being more sensitive to the radiation changes than those in summer. ΔT max between overcast and clear-sky conditions becomes widened from January to July, then narrows down until December, while ΔT min is lower in summer and higher in autumn and winter. ΔDTR shows an annual cycle, which could be induced by a different annual cycle of T max and T min under these two conditions. As compared with that under clear-sky conditions, the larger decreasing rate of DTR under overcast conditions Fig. 8 Spatial relationship of the DTR trend with the trends of a sunshine duration and b specific humidity across the 137 meteorological stations in the NCP. Each black point is for one station, and R denotes the correlation coefficient between the trend of the DTR and the trend of SSD (specific humidity) may be partially caused by the increases in high cloud cover. High cloud tends to warm the near-surface atmosphere by trapping longwave emission, while the low cloud seems to be more effective in reflecting solar radiation (Hartmann et al. 1992; Marsh and Svensmark 2000) .
The trends of TCC and DTR showed a negative spatial correlation, irrespective of seasons, indicating that the increasing TCC may result in dampening DTR. Also, aerosol is found to dampen DTR by its direct effects, which could explain the decreasing DTR under clear-sky condition, as opposed to the tiny effect under overcast condition. Besides, the aerosol may be one of factors dictating the different declining trends of DTR under different cloudy conditions.
The changes in sunshine duration (SSD) and specific humidity have also been found to spatially correlate with the DTR trend. The decline in SSD tends to be closely associated with decreasing DTR, even though surface solar radiation, the driving factor leading to changes in SSD, is controlled by the atmospheric parameters, such as cloud, aerosol, water vapor. Besides, an increase in specific humidity tends to cause DTR to decrease either. Last but not least, it should be noted that all these conclusions are drawn from composite analyses using collocated observation and reanalysis. In addition to the measurements from the field campaign, the process-level as well as regional climate model simulations in the future are warranted in order to verify the established correlation here between the DTR and its associated environmental variables.
